Summary. The effects of combined treatment with an antagonist of gonadotrophinreleasing hormone (ANT) and the antiandrogen flutamide (FL) on spermatogenesis were studied in the presence and absence of exogenous follicle-stimulating hormone (FSH) 
Introduction
Disruption of spermatogenesis and pronounced reduction of testosterone production occur in gonadotrophin-suppressed rats after treatment with an antagonist (ANT) of gonadotrophinreleasing hormone (GnRH) (Huhtaniemi et ai, 1984; Rea et ai, 1986) or hypophysectomy (Buhl et ai, 1982; Huang et ai, 1987; Bartlett et ai, 1989) . In these animals, however, the germinal epi¬ thelium still contains pachytene spermatocytes and round spermatids.
Step VII spermatids, although less frequent, were observed up to 61 days after hypophysectomy (Clermont & Morgentaler, 1955) . Since, under these experimental conditions, androgen production is not totally *Author for correspondence.
inhibited, low residual concentrations of testosterone may be involved in the partial maintenance of germ cell development, This assumption is supported by marked enhancement of testicular involution and loss of germ cells in hypophysectomized and ANT-treated rats by removal of Leydig cells by ethane dimethane sulphonate (EDS) (Teerds et ai, 1988; Weinbauer et ai, 1989a) .
Although earlier investigations did not reveal a role for FSH in spermatogenesis in adults rats (Dym et ai, 1979) , several recent studies demonstrated that a highly purified human FSH prep¬ aration, alone or in combination with testosterone, stimulates maintenance of germ cells in hypo¬ physectomized (Bartlett et ai, 1989; Toppari et ai, 1989) and ANT-treated rats (Weinbauer et ai, 1989a) . In these studies, the effects of FSH were more pronounced in the presence of testosterone, suggesting that the action of FSH is influenced by the presence of Leydig cells and/or testosterone. The present study investigated, in ANT-treated rats, whether (i) blockade of testosterone action by a nonsteroidal, pure antiandrogen, flutamide (FL; Neumann & Töpert, 1986) (1983) . For intratesticular testosterone, the testis was homogenized in phosphate buffer (1 g/2 ml) and RIA was performed after ether extraction (Nieschlag et ai, 1975) without further chromatography. Serum rat LH (rLH) and rFSH were measured by double-antibody RIA with reagents supplied by NIADDK (Bethesda, MD, USA). The standard preparations used were LH-RP-1 and FSH-RP-2, tracers were prepared from LH-I-6 and FSH-1-6 and the antisera were anti-rLH-S-9 and anti-rFSH-S-11. Each hormone was analysed in a single assay. The detection limit for both assays was 1-6 ng/ml and the intra-assay coefficient of variation was 3-5 and 2-8% for LH and FSH, respectively. Inhibin was measured in a double-antibody RIA as described for male rats (Robertson et ai, 1988) . This assay used an antiserum raised in rabbits against highly purified bovine 31 kDa inhibin using the standard described by Fingscheidt et ai (1989) . The intra-assay and interassay variation was 3-5 and 4-5%, respectively. The detection limit of inhibin was 270 U/l. The hFSH concentrations were also measured (Bartlett el (Leblond & Clermont, 1952) in all groups in Expt 2 and in the group in Expt 1 treated with 10 mg FL/kg. Testes at this stage contain representative germ cells (A-spermatogonia, preleptotene and pachytene spermatocytes and step 7 round and step 19 elongated spermatids) and are particularly sensitive to hormone deprivation (Russell & Clermont, 1977) . Thirty tubules were counted per animal. The cell counts were corrected for section thickness (Abercrombie, 1946) (Fig. 2a) ; FL reduced testicular weight further to 0-72 + 0-01 g compared with 109 ± 005g in the ANT group (P < 005). Both doses of FSH exerted similar stimulation (P < 005) on testis weight in the ANT + FSH groups (1-32 + 003 and 1-38 + 004g, respect¬ ively). In the presence of FL, however, the lower dose of FSH (2x5 iu) was ineffective (P > 005) compared with ANT + FL treatment, whilst the higher dose of FSH (2x10 iu) produced a sig¬ nificant effect. The weights of seminal vesicle plus coagulating gland (Fig. 2b) were similar in all treated groups. Epididymis weights (Fig. 2c) Quantitative analysis. There were slightly, but not significantly, fewer A-spermatogonia in the ANT-treated group than in the control (Fig. 3) . The addition of FL induced a significant (P < 005) reduction in numbers of spermatogonia. With the lower dose of FSH, no clear-cut effects occurred, but the higher dose of FSH maintained the number of A-spermatogonia within the control range. Preleptotene spermatocytes were significantly (P < 005) less frequent in ANT + FL and ANT + FL + FSH1 groups than in the controls. In all other groups the numbers of preleptotene spermatocytes did not differ from the controls.
After administration of ANT alone, the numbers of pachytene spermatocytes and round and elongated spermatids were reduced to 65, 50 and 40%, respectively, of those in the control group (P < 005). The combination of ANT and FL further reduced the number of pachytene spermato¬ cytes and round spermatids from 6-87 ± 0-30 to 1-72 ± 0-34 and from 22-65 + 1-53 to 5-46 ± 0-54, respectively ( < 005), compared with ANT alone. Elongated spermatids were absent. 5 iu/day, FSH2 at 2 10 iu/day. Unlike letters indicate significant difference at < 005. ND, not detectable (detection limit of assay 1-6 ng/ml for LH and FSH, 0-87 nmol/1 for testosterone (T), 0-5 iu/1 for hFSH and 270 U/l for inhibin).
Discussion
In the present study, the combination of the antiandrogen flutamide (FL) and ANT greatly enhanced the inhibition by ANT alone on testis size, seminiferous tubule diameter and germ cell development. Since FL is a nonsteroidal, antiandrogen devoid of gestagenic or oestrogenic activity (Neumann & Töpert, 1986) , it is unlikely that the observed effects were caused by a direct effect of FL on germ cells. Flutamide at 10-40 mg/kg with ANT induced a reduction in testis weight similar to the treatment regimen ANT + EDS. Ethylene dimethane sulphonate is well known in destroy¬ ing the Leydig cells and, thereby, eliminating the testicular source of testosterone (Morris et ai, 1986) . Therefore, at 10 mg/kg (employed subsequently in Expt 2), the antiandrogen FL was probably sufficient to block androgen action.
The marked antigonadotrophic and antispermatogenic actions of ANT are extensively documented in rats (Rivier et ai, 1980; Huhtaniemi et ai, 1984; Rea et ai, 1986; Bhasin et ai, 1988; Arslan et ai, 1989 ). In the presence of an antiandrogen, the antispermatogenic effects were much more pronounced. The number of pachytene spermatocytes and step 7 spermatids was 4 times lower compared with treatment with ANT alone. In relation to control testes, there werẽ 17% of these cells.
Step 19 spermatids had disappeared. In a previous study with the same ANT administered for 30 days, the counts for pachytene spermatocytes and step 7 spermatids were~30 and 25%, respectively, of the control (Rea et ai, 1986) . In contrast to the investigation by Rea et al. (1986) , the numbers of A-spermatogonia and preleptotene spermatocytes were also lowered, suggesting that the blockade of androgen action affected all germ cell types of stage VII.
At termination of the present study, the androgen concentrations both in serum and testis were below the detection limit of our assay. Therefore, the additional effects of FL probably became evident in an earlier phase of the experiment, during the first days after initiation of treat¬ ments. It is unlikely that ANT was not maximally effective, leading to the additional effects of FL. The same dose of the same ANT suppressed serum gonadotrophin and testosterone concen¬ trations to undetectable levels within 7 days (Chandolia et ai, 1991) . The ANT ORG 30276, given at a similar daily dose, suppressed serum testosterone concentrations within 7 days (Puente & Catt, 1986) . In monkeys, the ANT used in the present investigation drastically lowered serum testosterone concentrations within 24-48 h (Weinbauer et ai, 1984) . The effects of EDS in intact rats were observed, within 3 days by the appearance of degenerating germ cells in stage VII tubules (Bartlett et ai, 1986) .
The view that the enhanced spermatogenic involution in the presence of FL results from inter¬ ference with androgen action receives indirect support from the findings of Teerds et ai (1988) and Weinbauer et al. (1989a) that testicular regression was more pronounced in hypophysectomized rats treated with ANT and EDS, although direct effects of EDS on the seminiferous epithelium in adult rat cannot be excluded (Roberts & Griswold, 1990) . Since the antagonistic analogues of gonadotrophin-releasing hormone are considered potential male contraceptives (Weinbauer et ai, 1989b) , the combination of ANT and antiandrogen could provide an approach for accelerating the onset of spermatogenic suppression.
The data of the present investigation also demonstrate that exogenous FSH increased numbers of germ cells including those of elongated spermatids in ANT-treated rats. Since the experiment lasted only for 2 weeks, it cannot be decided whether the observed effects of FSH represent a true maintenance of the spermatogenic process or whether the spermatogenic involu¬ tion had been delayed. The supportive effects of testosterone on spermatogenesis in rats (Sun et ai, 1989; Santulli et ai, 1990) and monkeys (Marshall et ai, 1986 ) declined with time. In either case, these findings support our previous notion (Bartlett et ai, 1989) that FSH is involved in germ cell development in adult rats. Whilst a role of FSH for germ cell development in immature rats (Russell et ai, 1987) is well accepted, the involvement of FSH in maintaining spermatogenesis in adult rats has been questioned (Dym et ai, 1979 The present data also suggest that the beneficial effects of FSH on numbers of germ cells were less pronounced in the presence of FL. This was particularly evident for the pachytene spermato¬ cytes and round and elongated spermatids. The lower dose of FSH increased the numbers of these germ cells only in the absence of FL. Moreover, although a 2-fold higher FSH dose raised the numbers of round spermatids, the numbers of elongated spermatids were only marginally influenced. It would thus appear that some of the effects of FSH on germ cell evolution are mediated by testosterone. We cannot offer an explanation for this observation. Verhoeven & Cailleau (1988) reported that androgens and FSH increased the number of androgen receptors on Sertoli cells. Thus, one might speculate that, vice versa, testosterone influences the Sertoli cell FSH receptor. However, hypophysectomy only marginally influenced testicular FSH binding (Seguin et ai, 1981) and ANT administration for 7 days had no effect (Huhtaniemi et ai, 1984 (Cunningham & Huckins, 1979; Parvinen, 1982) .
From the present study it is concluded that (i) the addition of the antiandrogen FL accelerates ANT-induced testicular involution, (ii) FSH has a role in adult spermatogenesis and (iii) the effects of FSH on advanced germ cells are influenced by androgens. 
